SUMMARY. The United Kingdom External Quality Assessment Scheme for Specific Proteins has demonstrated that one method group. comprised of kinetic immunonephelometric assays. gives significantly higher results for immunoglobulins in certain pathological sera containing rheumatoid factor. Using IgM as a model. we have compared kinetic immunonephelometry and a rapid (5 min incubation) immunoturbidimetric assay with radial immunodiffusion (RID) on seven sera. Compared with RID significantly higher results were obtained by kinetic nephelometry on all five sera positive for rheumatoid factor. and by turbidimetry on three of the four of these studied. In a serum with IgM increased due to primary biliary cirrhosis lower results (PO·005) were obtained by nephelometry than by RID. The remaining serum was normal. and no significant intermethod differences were found. The possible causes for these discrepancies are discussed.
In 1980. the United Kingdom External Quality Assessment Scheme (UKEQAS) for General Clinical Chemistry was extended to include immunoglobulins G (IgG), A (lgA) and M 
CALIBRATION
All methods were calibrated either directly or indirectly against the UK reference preparation SPS-Ol,3 (batch No. 841, assigned value for SERA Seven different sera were studied ( Table 2) . One serum (6) was from a healthy individual and another (2) was from a patient with primary biliary cirrhosis. Neither of these contained rheumatoid factor or immune complexes. The other five sera (I, 3, 4, 5, 7) were obtained from individuals with inflammatory disease and all contained rheumatoid factor. Four (I, 4, 5, 7) also contained immune complexes. Rheumatoid factor titre was estimated by passive haemagglutination in microtitre plates using commercial reagents (Fujirebio Inc. Tokyo, Japan. Supplies; Mast Laboratories, Bootie, Merseyside UK). The sensitised cells provided in the kit are formalinised tanned sheep erythrocytes coated with denatured rabbit IgG. Immune complexes were detected by precipitation with polyethylene glycol followed by redissolution and measurement (RID) of IgG, IgA and IgM. Results are expressed semiquantitatively based on the ratio of immunoglobulin in the complex to immunoglobulin concentration in the original serum.
No monoclonal components were visible in any serum on agarose gel electrophoresis.
Materials and methods
duced into the scheme. This material is known to contain rheumatoid factor. The national alllaboratory trimmed mean results indicated that one method group using kinetic nephelometry was reporting significantly higher values for IgM and IgA (Table I) in the pathological  material (UKEQAS surveys 15 , 17, 18,20) but not in the normal (UKEQAS surveys 16, 19). A similar trend was observed with IgG (not shown), but the differences were not significant. Such discrepancies were not observed in the radial immunodiffusion (RID) or other nephelometric/turbidimetric groups (Table I ).
In view of the role of IgM as a marker for disease severity in rheumatoid arthritis'' we have selected it for a laboratory study to evaluate the measurement of immunoglobulins in the presence of rheumatoid factor by kinetic nephelometry compared with RID. We have in addition similarly evaluated a rapid (5 min incubation) immunoturbidimetric assay.
IgM 1·75 g/L). Sera with IgM concentrations > 1·75 g/L were pre-diluted before assay.
KINETIC IMMUNONEPHELOMETRY
Immunoglobulin M was assayed in all laboratories by kinetic nephelometry (Beckman-RIIC Ltd; High Wycombe, Bucks, UK). Forty two microlitres of test sample or calibrant diluted I :36 were pipetted into a reaction cuvette containing 600 ,...L of polyethylene glycol-enhancing buffer. Forty two microlitres of undiluted anti-human IgM antiserum were then pipetted into the cuvette and the reaction monitored until the peak rate had been achieved (typically 25-90 s). The concentration of IgM was read directly in g/L from the instrument display.
IMMUNOTU RBI llIMETRY
Assays were performed in one laboratory on the Technicon RA 1000 (Technicon Instruments Company Ltd, Basingstoke, Hants, UK). In the blank cuvette, 2 ilL of neat test sample or calibrant were added to 375 ,...L of antiserum diluent (0,15 M sodium chloride containing 40 g/L polyethylene glycol). In the reaction cuvette, 2 ,...L of neat test sample or calibrant were added to 375 J.l.L of anti-human IgM antiserum diluted 1:13'5 in antiserum diluent. Turbidity was measured at 340 nm after 5 min. The concentration of IgM was obtained directly in gIL from the RA 1000 printout.
RADIAL IMMUNODIFFUSION
This was performed in two laboratories by a conventional Mancini technique." Agar gels(2%) in barbitone buffer pH 8·6 containing 5 J.l.UmL anti-human IgM antiserum were prepared in-house. Wells were 2·5 mm in diameter and 5 J.l.L calibrant or test was applied. Incubation was continued for 48 h. IgM (gIL) was determined from the calibration graph of ring diameter squared, against IgM concentration.
STATISTICAL ANALYSES
For each laboratory the mean and standard deviation were calculated for each specimen and within and between laboratory variance was determined by the Fisher variance ratio test. No significant differences (P>O·05) were observed. Therefore, for each method the results for each specimen were pooled and the mean and standard deviation calculated. The significance of any difference in mean value between methods was determined by Student's r-test.
Results
These are shown in Table 2 . Significantly higher (P<O·()(ll--o·OI) values were obtained by kinetic nephelometry than by RID for all five sera (I, 3,4,5,7) containing rheumatoid factor. Similar differences were observed with turbidimetry on three (1, 4, 5) of the four of these sera studied. With both techniques the greatest discrepancy was observed in the serum (5) with the highest rheumatoid factor titre.
No significant intermethod differences (P>O·05) were observed with the normal serum (6) , but significantly lower results (PO·OO5) were obtained by nephelometry than by RID with Specimen 2.
Discussion
This study clearly demonstrates that significantly higher values for IgM may be obtained in certain pathological sera by kinetic nephelometry or short-incubation turbidimetry when compared with RID. This confirms the discrepancies observed originally in the UKEQAS for specific proteins (Table 1) , and illustrates very well the useful role such schemes can play in bringing to light previously unsuspected problems.
The existence of method-specific differences in the estimation of IgM has been known for many years. For example, overestimation may occur by RID in the presence of low molecular weight (monomeric) IgM. 5 . to Conversely underestimation may occur in the presence of high molecular weight immune complexes or rheumatoid factor. to Fluid phase assays however were thought to be free from such interference.i': 7. II In practice, underestimation by RID is unlikely to account for the intermethod differences observed here since the UKEQAS RID results are in general similar to both the overall national mean and the other nephelometryl turbidimetry group (Table 1) . This latter group is comprised largely of longer incubation and true end-point assays. Neither can the difference be ascribed to variation between calibrants since a common reference preparation was used. The most likely explanation appears to be overestimation by the kinetic and short incubation methods. The phenomenon is evidently not due to increased IgM concentrations alone since it did not occur in the primary biliary cirrhosis serum (Specimen 2). In fact, significantly lower results were obtained for this serum by nephelometry. This may be explained by the presence of monomeric IgM which may occur in sufficient quantity in primary biliary cirrhosis sera to cause significant overestimation by RID.'I Monomeric IgM may also commonly be found in rheumatoid sera, but probably not in sufficient quantity to cause significant intermethod variation. HI Its presence would in any event lead to higher values by RID rather than the reverse.
The most probable cause of the interference is rheumatoid factor. This was present in all sera in which overestimation occurred. and the specimen with the highest titre showed the greatest discrepancy ( Table 2 ). Overestimation did not occur in the two sera that were rheumatoid factor negative. Rheumatoid factor may bind to the antiserum causing a secondary immunological reaction thereby increasing the signal. and this process may be enhanced by polyethylene glycol which is present in the reaction cuvette. This may be a particular problem in kinetic and short incubation systems which require antisera of high avidity and in which antigen concentration is related either to the peak rate of increase of. or the total increase in. signal that occurs shortly after the addition of antiserum. In systems of longer incubation and in true end-point assays initial events may be less critical and this may explain why they are apparently unaffected.
Further evidence for the involvement of rheumatoid factor comes from a recent study of its interference in nephelometric determinations of C-reactive protein. II In that study some methods were found to give higher results than RID with rheumatoid factor positive sera. Interestingly. kinetic nephelometry was not affected. the suggested reason being that predilution of samples in polyethylene glycolcontaining buffer. followed by centrifugation. removed rheumatoid factor by precipitation thereby, obviating subsequent interference. This procedure has also been used in a kinetic nephelometric method to measure immune complexes rather than the normal immunoglobulins.'! Immune complex precipitation is itself a potential source of interference and immune complexes were present in four of the five sera with which higher values were observed. However. the turbidimetric assay includes a serum-polyethylene glycol blank, and the Overestimation of immunoglobulins 523 nephelometric system will not accept antiserum until the baseline signal has stabilised after the addition of sample. These factors should minimise the contribution of immune complex precipitation to the final result.
With the exception of IgA (Table 1) and possibly IgG there is little evidence from the UKEQAS results to suggest that assays for other analytes, for example complement components C3 and C4 and alpha l-antitrypsin, are similarly affected. However, the small numbers of laboratories and inter-calibrant variation make statistical comparisons unreliable. What is clear from this study is that in the presence of rheumatoid factor and, possibly. immune complexes, significantly higher values for IgM may be observed by kinetic or short incubation nephelometry and turbidimetry than by RID. It is thus possible that a normal concentration by RID may be reported as increased by the other methods and this may be of clinical significance. The discrepancies should also be appreciated if sequential monitoring of patients is in progress and methodological changes are contemplated.
